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Until rather recently, transnaission lines for 
natural gas operated under pressures only slightly 
above atmospheric pressure, Even in these low-pressure 
lines, deposits of white crystals were observed oce 
ecasionaliy. Since these deposits appeared only at 
tegeoratures considerably below the freezing point 
of water, it was mother generally thought (10) that 
they consisted merely of ice crystals, The amount 
of "snow" deposited in the lines was so small that 
it 444 not cause serious operating trouble; its ine 
portance did not appear to justify critical study, 

In rather recent yeers, high-pressure trangni ssion 
Lines for natural gas have come into very comnon 

and very extensive use, In these hich pressure 
lines, the deposition of the white solid occurs in 
such quantity as to cause clogging of the lines and | 
serious fouling of valves and orifices, Further 
more, at high pressures, in the range of 500 pounds 
per square inch, the crystals may deposit at teaperm 
atures as high as 50°F (2). 

Barly in the history of the hichepressure 
traneaission of natural gas, it was found that these 
“snow” crystals are really crystalline hydrates of 


sone of the lower paraffin hydrocarbons, as for ex« 
ample, Cig*Gligd and CpligsGitp0. 

In the past decade, a considerable amount of 
research has been done on the formation and pro} 
perties of these hydrates and on nethods for pre» 
venting thelr formation, (3)(4)(8)(9)(10) (12) 


The formation of natural gas hydrates depents 
primarily on temperature, pressure, and composition | 
of the mas. As shown by Graph 1, both high pressure — 
and low temperature are favorable to the formation | 
of hydrates, Favorable temperature and pressure are | 
not the only criteria for hydrate formation, The 
gas must be almost saturated with respect to water 
¥apor, since these hydrates will not form until the 
dew point is appresched, If the partial pressure of | ‘ 
the water vapor in the gas is less than the vapor 
pressure of the gas hydrate, the hydrate looses 
water and decomposes, Also indicated in Graph 1 is 
the fact that hydrates fom at slightly different ] 
pressures and teaperatures depending upon the com 
position of the natural zas. | 

A definate teapersture, pressure, ond com- 
position are necessary before the gas hydrate can 
form, However, even if these conditions are estabe " 
lished, it is by no means certain that the hydrates — 
of the lower paraffin hydrocarbons will errstallize 
out. Yhere are then certain seconéary factors which — 
influence the formation of sas hydrates, It has 
been found (2) that high velocities of the gas stream, 
presoure pulsetions, or the introduction of a mall 
hydrate eryeteal all promote the formation of the 
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“hydrates, Both pressure pulsations and ey = 
locities are encountered in transmission Lines, — 
The eurves of pressures and tonperatures m av 
ecessary for hydrate formation in an actunl ane | ; - 
a change in slope at about 66°F, This is s anifican 
in that the actual equilibrium teaperature at. oF 
pound ver square inch is lower by B°F, to 10°r, mnt 
the values that would be obteined by oxtrarolating 4 
the lowepreseure data as a atraignt line, The chenge 
in slope may indieete some chance in the hydrate , 
formed, as, for exannle, Lowering the number of | 
water molecules per mole of cans, The number of water 
molecules per mole of natural cas constituent is not _ 
known preeisely (2), Barly work (8) inélcated from _ 
6 to 8 moles of water per mole of hydrocarbon in the _ 
orystal, At higher pressures 1t wae found (21) that 
these valves decrease to 43, 468, and 4,3 moles of 
water per mole of hydrocarbon, | 


THE ELIMINATION OF GAS HYDRATES 


Since the formation of natural gas hydrates is 
a funetion of temperature, pressure, and composition, 
the elimination of these hydrates will depend upon 
the effective control of these variables, The cas 
emerges from the casing head at the well or from the 
pumping station at a definate pressure, temperature, 
and composition, The formation of solid hydrates 
may be prevented by reducing the pressure of the zac 
to below the eritical valve required for solid for 
mation at the lowest temperature existing in the line, 
by maintaining the temperature of the aas above the 
point at which solid hytrte formation ean occur at 
the existing pressure, by adding to the cas sone 
substance that prevents the fomation of solid hydrate, 
or by dehydrating the gas to a dew point lower than 
the prevailing teaperature of the atmosphere surrounde 
ing the transaission line so as to prevent saturation 
of the cas with water vapor, 

Lovering the gas pressure is not so 
It means the gas aust be reconpressed for tranemiscion, 


ind practice, 


Expanding the gas to a lower pressure algo means a 

a@rop in gas temperature, The gas is still saturated 
with respect to water vapor and at the lower temperature 
the tendensy for hydrate formation has not been 


decreased, Rainsing the eas terperature makes the 
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In the continous diethylene glyool plant, high» — 
pressure natural gas anturated with water vapor is 4 
passed upward through a contactor in which it is ‘ 
brought countercurrently in contact with @icthylene 
glycol, Since the glycol has a marked affinity for 
water, it absorbs the water from the natural gas, — MN 
The gas, freed from most of its initial water content. : 
by contert with the glycol, passes from the top of 
the scrubber to the compressor and the trance 
mission line, The wet dlethylene glycol passes 1 
from the bottom of the column to 9 regenerator in ' 
which the water is removed, The strong dicthylene 
biyeol is pumped back to the top of the sontactor, 

She plant eensists of the following essential 
units? | 

1, A contactor 

2. A regenerating still with reboller, condenser, 
reflux pump, and condensate receiver, 

3, A heat exchanger and a preheater (optional) 

4, A duplex pwrp, 

5. A boiler to generate steam, 

6, Various flow and temperature controls. 

The contactor (see diagram) is a colum 
consisting of a gasoline separator on the bottom to 
extract any natural gasoline entrained with the gas% 
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TONTACTING TOWER 


two or three sets of double contact plates in the 
middle portions and a tracyfier separator to renove 
any entrained diethylene glycol mist from the gas. 

The contacting unit consists of three sets of 4 
plates, The upper plate holds a series of uptake 
pipes whieh dip into a liquid resevoir of diethylene 
Glycol on the lower plate, 

At the start of operntion the cas enters under 
high pressure and forces the liquid up the uptake pir 
while the liquid level on the bottom plate drops, _ 
When the liquid level on the bottom plate drops to 
below the rim of the pipes, the gas rushes up the 
pipe in a swirling motion entraining some of the 
Liquid as mist. The mist tends to separate out when 
the eno changes direction to pasa to the next plate, 

Thies type of column gives good contact with very 
little pressure drop, The column must be constructed 
and errected with perfectly horizontal plates, 

All the equipment is constructed of standard 
cold rolled loweecarbon steel, according to API-Aam 
Ccoges., Correction is neglicible, 

The recenerator is a simple bubbdleecap plate 
distilling column, using steam in closed coils in 
the reboiler, removing water vapor as product (tops) 
and recovering strong (97 per cent) diethylene 
Glycol from the bottoms, 


2 

The reflux receiver is a large vented tank which 
muat be checked periodically to deternine if any 
natural gas or gasoline has been absorbed with the 
water vapor by the diethylene glycol, ‘This still 
operates at atmospheric pressure and is designed for 
a Maximum of 50 pounds per square inch absolute, 

The steam boiler is a simple horizontal Seotch 
Marine type automatically controlled boiler, It uses 
natural gas as a fuel, tapring the main transmission 
line thru a pressure reducing valve, The steam is. 
used in the reboller of the still and in the duplex 
PUD. 

The duplex puap is necessary to pump the strong 
diethylene glyeol back into the pressure contactor 
fron the regenerator which operates at atmosvherloe 
pressures 

Various controls such as a liculdelevel control 
on the bottom contactor tray, a flow control for the 
duplex puap, temperature, pressure and automatic | 
cuteoff controls on the boller, temperature control 


~ 


on the reboller and on the preheater, temperature 
control for the vavor product of the regenerator to 
control reflux, All of these controls are necessary 


to make the plent automatic in overstion.,. 


THE DBSIGH OF THE DINTNYLENE GLYCOL PLANT 


The main purpose of the diethylene glycol plant 
is the dehydration of the natural gas to a low enou B 
dew point so that the gee is at all times unsatura <i) Ne 


unsaturated, no solid hy arated will form, ‘This toll He i , 
that the dew point must be lowered to a temperature — 
below the lovest seasonal temperature encountered w 4 
the transmission line. ' 
Assuaing that the gas emerges from the wold, or 


with respect to water vapor, there remains only the 
determination of amount of water vaper that must be 
reuoved to arop the dew point to a value low enough 
to prevent hydrate formation, It would seem that 
specifying the natural gas temperature and éegree of : 
saturation woulé completely determine the water vapor 
content. This would be true at low preasures where 1% 
ideal gas laws and partial pressures hold, However, 
at high preseures, the vapor pressure of water tends 
to increase above the equilibrium pressure at normal 
pressure, This is known as the Poynting effect (6). 
The water vapor content can be approximated by use 
of the fucacity at the operating pressure in come 
bination with the compressibility factor. This 


mation ta not necessary, as Russell (18)(19) 
has recently determined the equilibrium »mter vapor 
eontent in naturel cas at various preasures and 
temperatures Graph 2*, On thie graph the Harmex 
sechuidt hydrate line is indlented, It ean be seen 
that both high pressure and low temperature are | 
necessary for hydrate formation, Graph 8 shows the 
equilibrium eaturation water vapor content et various 
temperntures and pressures, To ectimate the smount 
of water vapor thet aust be removed from the gas it 
is neccesary to first deteruine the water content 

at the gas line temperature and pressure, and to 
subtract from this value the waterevapor eontent 

at the same pressure but at « temperature correspénding 
to the lower dew point, This lower temperature is 
the lowest tempereture to which the line may be exe 
posed, The difference between the two water contents 
represents the enount of water that must be removed if 
hydrate formation is to be prevented, If the water 
content in pounds per million cubic feet of standard 
gaz to be renoved is now multiplied by the gas plant 


* Many of the ¢raphs in thie paper where covied from 
@raphes annecring in the printed literature, Due to 
the Low degree of accuracy, these graphs should not 
be use@ for desian purposes. 
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capacity in millions of cubic feet of standard eas 
per day, the rate of water removal is derived, ‘The 
accurate couputation of rate of water removal is ime 
portant as it helps determine the rate of glycol cir 
culations | 

The deteraination of the glycol rete is the key 
to the design of the dehydration plant, because this 
rate fises the nuaber of contactor plates, the cone 
eentration of weak giveol leaving the contactor and 
also the bent load of the resenerater reboiler, The 
optimum glycol rate is deterained by an economic 
Dalanee between the number of plates in the contactor 
and the steam coneunption in the reboller of the roe 
generator, Before determining the ghyeol rate, several 
operating factors must be fixed or assumed, 

In a simple material balence around the contactor, 
the water removed from the natural cas must equal the 
wnter absorbed br the Liculd dlethylene giyeol, If 
the vr te of natural ens flow ia expressed in pound 
moles of boneedry natural sae per hour, the rte of 
@iveol flow as the moles of pure dry elyeol per hour 
and the water concentration in mole ratio, the material 

nlance reduces tos 
G(Yge¥e) & LUX p=Xy) (1) 
where: G S Noles of dry inert netural cas per hour 
L @ Moles of pure dry diethylene elvecol per 
hour 


Y @ Moles water per mole dry gaa | 

X # Moles of water per mole pure dry glycol 

B @ Botton of contactor tower 

Tf @ Top of tower ‘ 
Tis equation to a staple asterial Balance andy — | 
as such, must hold true irrespective of the neche iy 
anign of absorption, Te 10 oan be asoused thet mo 
glycol evaporates in the contactor and that no 
naturel gas is absorbed by the Liquid glycol, then 
a, the ter ene Flom, Unt Ig, the. ty Aheute Ga 
Flom, aze Yoh constant ant the ratio 1/0 aust also 
be constant. If the mtio of L/¢ ie constant on om 
X va ¥ plot, the operating Line mst de a straight A 
Line with the slope of L/G, This operating line is — 
incicated on Graph 4, On the sexe graph, the equle \ 
librium between water vapor in the ene and waiter 4 
concentrate in the lfoutd glyeol solution is ime 
aieated at the operating temperature, To sinolify | 
galculations, the aseusuption is made that the cone 
tacting tower will operate at the tenperature of the 
inlet gas, ‘This is a fair approxination, as the ; 
ratio of rate of cas flow to the rate of Plow of 
@lycol ia so larce that, in spite of the large 
aifference in heat enpacities, the total tower cone 
tents soon aprroach the temperature of the faite 
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As stated, the material balance is expressed 
by the equation: 

GlYge¥p) ® LOXg~Xp) (2) 

In this equation, G, Yp, Yr, and X¢ are known 
or fixed quantities, The rate of flow of glycol 
(L) ané the concentration (Xp) of the outgoing 
week solution are not known, Thus we have one 
equation with two unknowns, in a tower with an 
infinite number of plates, the minimum ratio of L 
to G under which the tower could operate would be 
that corresponding to the tangent of an operating 
line thet just touches the equilibrium line at one 
point, If the glycol could be passed dow the 
tower with no change in composition, no plates 
would be needed, but an infinite rate of circulation 
of glyoeol would be required, The actual slycol 
rate and the concentration of weak glycol solution 
must be fixed by an economic balance, A rough 
balance indicates that the actual L/G ratio should 
equal about four times the minimum L/G ratio, The 
equilibrium curve for 60°F, indicates a miniaun L/G 
of 2,8K10~ soles of glycol per mole of Gry sade 
This corresvonds to an actual L/G ratio of axoS 
moles of glycol ver mole of dry gas, This ratio 
automatically fixes the glycol rate. Knowing the 
glycol rate, the concentration of glycol Leaving 


the tower can be deterained fron the naterial balance” 
of Equation 1, Thus, the design of the contactor 
includes the expression of inlet and outlet water 
content in mole ratios, the deterwination of the 
waterdiethylene glycol equilibrium curve at the 
operating temperature and pressure, and the deter | 
mination of the minimum L/¢ ratio, The minimum 
L/G ratio, together with economic considerations, 
fixes the actual L/G ratio, the diethylene glycol 
rate, and the concentration of weak glycol leaving 
the tower, 

The molar ratio of water to dry gas in the 
inlet gas ie ealewlated from the line teaperature 
and pressure, on the assumption that the cas is 
saturated with water vapor, These conditions and 
Gravh 2 are sufficient to fix the moles of wmter 
per mole of éry sas, The water content of cas 
leaving the tep of the tower is also found from the 
game graph using the same pressure, However, the 
tenperature in thie case is not the gas teuperature 
but the dew point to which it is necessary to lower 
the cas from saturation, This dew point is fixed 
if the geographical vosition of the tranmission 
line is obtained, To prevent hydrate forauation, the 
fae must remain unsaturated, To remain unsaturated 
the dew point aust alwys be Lower than the gas 


temperature, Therefore, the dew point to which the 
gas must be dehydrated must alwmys be lower than the 
average winter temperature to which the line may be 
The equilibrium curves (Graph 5) are constructed 
by a combination of Graphs 2 and 4, Graph 4 shows a 
series of equilibrium dew-point curves for any con- 
tact gas temperature corresponding to a definite 
glycol concentration, The water content correspond~ 
a 


ing to the equilibrium dew point at the line pressure 
can be read from Graph 2. ‘os « antenna 
curves at different temperatures for any one pressure 
can be drawn. For any other pressure, another family 
of equilibriun curves is necessary. a 
fo clarify the above procedure a problem will be 


Problem: Design a dehydrating plant 
handling 100 million standard cubic 

feet per day of natural gas. Gas ene 
ters at 80°F. saturated with water vapor 
at 1,000 pounds per square inch ebsolute, 
The gas gravity is 0.6. Geographical cone 
siderations require the dew point to be 
lowered to 30°F. 
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Water - Diethylene Glycol- Natural Gas System 


1. Rate of water removal 

Ae Initial water content at s0°r, and 1000 
pounds per square inch absolute is 

33.0 Lb. Hp0/10% sta. Cu. Ft. (Graph 2) 

B, Final water content at SOF. and 1000 
pounds per square inch absolute is 

7.3 lb. He0/10 std. Cue Ft. (Graph 2) 

CG, Het water to be removed is 

55.0 - 763 © 25.7 Lb. Hgo/10® sta. Cu. It. 
De Rate of water removal per minute is 


1. (4/¢)* Minimw is 
2.5 x 10“ uoles Glycol/ioles dry gas (Graph 5) 
2, L/¢ es 4x (L/¢) Miniewm is 

1 x 10°5 Moles Glycol/lioles dry gas 


ce 
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11,000 Moles/lir, 
4. L*®G x (L/G) ® 11,000 x 10° 


« 128 Gal/ir. = 2.1 GHi . 
* A list of symbole used appears at the ond of this paper. 
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From Graph 5, 2.2 theoretical steps are ree 
qaivea to reduce the moisture content to the de- 
sired point under the specified conditions, This 
assumes perfect equilibrium is attained on every 
plate. If we asaume a plate efficiency of 755, this 
corresponds to weedy or 5 actual plates, 


fo find the tower diameter, the true volume of 
flow at SOF, and 1000 pounds per square inch abe 
solute must be knowm. Thies necessitates the deter 
mination of the eccanrecsibiliity factor, since the 


ideal gas law Goes not hold at 1000 pounds per square 
inch. For natural gas with a gas gravity of 0.6 the 
pseudeeritical pressure is 670 pounds per square inch " 
absolute and the pseudocriticeal teuperture is S70°R, 1 
Py * P/Pgq ® 1000/670 * 1.49 . 
Ty ® 540/370 = 1.46 
% * 0087 
The actual volume of gas flow is then: 


The Allowable Gan Velocity is 
v @ 127 | 
for P ® 1000 Lbs, per oq. inch, ¢ S S0°F,, ms gavity> 0.6 
then / 24 bse per, Cu. Ft, i | 
veer 1/4 
v S 63.5 ¥t,/ilin, 
ee yee re 
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aS 513 in, dieneter 


t= 2,47 inches, or 243 inch plate 
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Sinee this shell is rather thick, it might be econoniesl 
to investigate the cost of operating two towers in 
parallel, each having half the area of the original 


towers 
AB 7e3 Sislto 
Te 


‘Two sult up Wi dead sedi woih probably be cheaper 
than one tower of 2) inches, 
Dy Uptake “rea 
Le Allowable velocity 5 1200 to 1400 ft,/ming 
2, Uptake aren 925/1200 3 0,77 soft. 
3 Divide into six uptakes of 0,15 so.ft. each 
4, Dianeter @ # 13,5) .13 ® 4,86 inches 
Use G5 inch diameter standard pipes. 
iv arene of Regenerator Still, 
l. Pressure * 1 Atmosphere 
@, Allowable vapor velocity = 1 ft./nec. 
S Use reflux ratio of 1 to 1 
4, Vapor rising @ twice feed water vapor 
 &, Volume of vapor rising 
= lbs, H,O/min, x 2 x specific volume of 
steam at 22°F, | 
21,78 lbs.li,0/ain, x 2 x 26.8 eu. ft. /1b.H,6 
= 95.4 ou, ft, /min, 


on th i ty 
% 
= 
e 


: ‘ 4 i a3, 


| 4 abi on a 
Poi eras ree were ar 
tH TINY iy 3 mae 
endorsed Ward se 
meh teh ee 


SI 
~~ 
a 


| haw re ce aaa Coen ‘ed 
‘pated nea 20 samtov .2 
atone X 8 x sata endl 3 
Make tn moose 


Abe 9 = yateNOetteds ors = 
ANTE yuo 4,20 a 


Ge Area B@ Volune/Velocity = Bed = 1.59 o.ft. 


% @ 213.5) 1,59 # 17 inches dianeter 
Use (arbitrarily ) 10 bubble cap plates feeding 
in on the fifth plates 
V Heat Exchanger 
i» Use Griscoue Russel G fin tubes 
2 To cool concentrated diethylene alycol from 
reboiler temperature of 530°F, to 160°r, 
3. To heat weak diethylene clycel feed from 80°r, 
to 250°F, | 
4, US 5 to 10 Btu/sq.ft,. x hr, x LTD 
5, Heat load = cy Wt 
Cy = 0,525 Btu/1b.%, 
w 3 Gh x 60 x 9,1 1bs,/zalions 
4 2 170°F, 
Q@ 2 0,582 x 2,15 GHi x 60 x 170 
= 107,000 Btu/hr, 
6 Area # 9/U x LTD 
= 107,000/10 x 80 2134 sc.ft. 
Vi Roboiler 
1. To heat glycol from 250%, to 330°, 
2. To vaporize two tine the reflux of water vapor 
3, Area S Area to heat glycol plus area to heat 
water Vapor plus 20% extra 
4. Use steam 135 1b./oo,in. and 350°F, 


vir 


5, Us15 for heating 
Qc, wv ¢ = 0.525 x 2,31 x 9.1 x 80 
s 52,760 Btu/hr 
IMfD > AT, = AT. @ 100 = 20 = 49,7°F. 
“Engty/at2, “in 100780 
Heating Area ¢ Q/UxlsiTD 5 52,700/15x49.7 
= 70.6 suet. 
6, U for vaporizing = 30 Btu/hr sq.ft. °F, 
Q 2 970 x 2x 1,78 x 60 = 208,000 Rtu/hr, 
A = Q/ UxiaiTy & 208,000/S0x20 
= 347 soft. 
7, Totel Reboller Area # Ayt Ay + 20% 
A = 70.6 + 347 + 83.5 
= 501 sc. ft. 
Still Concenser 
1, U S 50 Btu/hr. so.ft.°F, 
2. Use cooling water of 80°F, 
3. Condense to 200°F, 
Qe W x Kotean 
= 970 x 2 x Wex60 = 208,000 Btu/hr, 
IMTD S ATL -AaT, 2 122-62 = 87,7°F. 
InAT;/gTp In 122/62 
Area = Q/UxIMTD # 208,000/50 x 87,7 
= 47,5 soft, 


Se U=15 for heating 
QS, ¥ TS 0,525 x 2,51 x 9,1 x A0 
s 52,700 Btu/hr 
IMTD S AT, - slo @ LOO = 20 9 49,7°F. 
“In f7 7, ~in 1067z0 
Heating Area = Q/UxIMTD > 52,700/15x49.7 
= 70.6 steft. 
6, U for vaporizing % 30 Btu/hr sq.ft. °F, 
Q 2 970 x 2x 1,78 x 60 = 208,000 Btu/hr, 
A = Q/ UxLMTD & 208,000/S0x20 
S S47 agelte 
7 Totel Reboller Aren # Ay +t Ag t 20% 
A = 70,61 347+83,5 
@ S01 so.ft. 
VII Still Condenser 
1. U S 50 Btu/hr, so.ft,F, 
2. Use cooling water ef 80°F, 
B. Condense to 200°F, 
Qe ¥ X Ugtoan 
s 970 x 2 x Wexd0 S 208,000 Btu/hr. 
IMTD B ATy AT, gw 122 = 62 g B7,7F. 
In AT /pTe Ln Le2/62 
Area 3 Q/Uximi'D @ 208,000/50 x 67.7 
m 27,5 soeT%. 


The volues of U (oversall heet transfer) and 
siging of Various control instruments and pumps are 
accepted by recomaendation of various coneerns 
manufacturiag this equipaent, 

‘here are also numerous other deteils to the 
complete design such as the design of tower foundationgy 
desiga af piping and structual supports, detailing, 
drafting, ané coat analyses. 


DISCUSSION 


Although many plants, similar to the one deseribed, 
have been designed, constructed and are operating 
aceording to guarenteed specifications, much remains 
to be desired in the good engineering of the desien, 

For a move rigorous approach the following date 
should be obtained, 

le Plate efficiency in contact tower and in the 
retenerators 

& Hieght of a transfer unit, or of an ecuivilent 
theoretical vlate, to be used in a packed=tower tyve 
or contactor or regenerater, 

S. Setter equilibriwa data for the system, water~ 
fLetivilene @glveol and the system naturel eagera tere 
gLlethylese mlyool, 

4, Complete cost analyses to determine econonie 
optiaum conditions of dLethylene glycol rate, coneen= 
trations of dlethylene glycol and number of trays for 
both contactor and regenerator, 

The choice of equipment ia rather flexible and 
depends upon economic considerations, In place of a 
regenerator with a bubble-eap column, 1% micht be 
feasible to use an evaporator, It is also possible to 
use a sunll packed tower, The contactor, although 
usually designed with uptake vires as indicated in 


Dingrem 1, may also use bubble-cap trays or slat-type 
It is the author's opinion thet the contactor 
requires eonsiderably sore investigation, Since the 
pressure and cas capacity are both high, the contactor 
coustitutes by far the largest expense for construction 
and errection, It is suggested thet this expense can 
be markedly decreased by the use of a centrifugal 
contacter of the Podbilniak type, which gives excellent 
gaseliquid contact. No driving force need be annlied 
to rotate the vanes; these vanes may be curved so that 
the velocity of the cas through the contactor spins 
ther. 


ee —— 


CLUSION 


An attempt to follow the design philosophy for 
the dehy¢:ation of natural gas bas been indleated, a 
The design ie neither academienlly elerant ror is it 
highly rigorous, That so many existing plants operate 
fairly saceessfully does not eliminate the need for 
aore aceurate experimental date and more selentific 
desian; with better design and better dete it should 
be vossible to cet more satisfactory and sore 
econonlecal operations 


SYMBOLS 
A® Area, Square feet 
G,S Molea of inert, dry natural gas per hour 
H 5 snthalsy Btu/ld, mole 
HS Sensible heat Bta/lb, 
I, @ Moles of é@ry diethylene glycol per hour 
Pp S Pressure, pounds per square inch 
Q 5 Heat transfered, Btu/hr, 
OR @ hegrees Rankine # Degrees Farenheit 460 
R S Gas constant, 10,71 


fT = Temperature, Dezrees Rankine 

U f Overall coefficient of heat transfer, Btu/hr,eq.ft. °F, 
¥ & Volume, ou, ft. 

XK @ Moles water per mole dry diethylene givyeol 

Y = Moles water per mole dry cas 

ZS Compressibllity factor 

g = Gas gravity refered to air at same conditions 
p = Vapor pressure 

v = Velocity 

A® Finite difference 

f= density 1b,/cu,ft. 

e S Critical conditions 

1 3 Liquid 

r= Reduced property 

se ®@ Pseudoceritical econditions-refered to nixtures 


y 3S Vapor 
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